All systems of spatial vectoreardiography now in general use suffer from a variety of substantial quantitative defects that are described conveniently in terms of image vectors associated with each lead. Image vectors (sometimes called lead vectors) are related to the equivalent heart dipole in such a manner that the projection of the heart dipole onto the image vector times its length yields potential difference of the lead." 2 An ideal system of vectorcardiography would have 3 equal-length, orthogonal image vectors for all subjects. Experiments with accurate 3-dimensional homogeneous torso models, which apply with surprising accuracy to the human subject, [3] [4] [5] This system of vectorcardiography represents an optimum compromise among many conflicting factors, such as soundness of theoretic basis, accuracy, vulnerability to dipole location, ease and speed of application, reproducibility, signal-to-inoise ratio, and cost. Its advantages over currently used methods are believed to outweigh by far its disadvantages. G1ENERAL 
DESCRIPTION
Four electrodes are the minimum imuimber required theoretically in any system of vectorcardiography, since three independent potential differences are necessary to determine the heart vector in three dimensions.2 6 From the standpoint of ease and speed of application and reproducibility, the 3 figure 2 . Resistance levels of the 2-and 3-resistor junctions (as seen from V,) have been designed to be each equal to R to counteract 60 cps interference. and quality to the other 2 leads of this system. Omission of any one of these electrodes (with suitable redesign of the networks to give a pure lead for a typical dipole location) results in significant impairment of performance in terms of vulnerability to dipole-location changes. Representation of these 5 electrodes in image space for a typical dipole location is also given in figure 3 , where the image vector for V7 is shown in geometric terms. Clearly, the influence of electrode A is slight, since it is weighted by only 18 per cent of the contribution of electrode 3I to the 2-resistor junction, and again electrode C serves in part as a correction electrode (though more influential than in the p. lead), since it is weighted least of the 3 electrodes feeding the 3-resistor junction. The V1 image vector being parallel to the z-axis indicates that potential difference Vz is proportional to pz for this dipole location.
The relative length of the V-image vector is 156 units, without the attenuating resistor 13.3 R shown in figure 1. Various types of chest protractors may be devised that permit the location of electrode C to be established at an angle of 45 degrees between electrodes E and A. This location is often deceptive because of precordial contour, and anatomic distances on the body surface from A to C and from C to E are usually unequal.
Head and Foot Electrodes. Electrode H is placed on the back of the neck 1 cm. to the right of the back midline at a level corresponding to the extension of the top shoulder line across the back. Its location is not especially critical. Electrode F, least critical of all, is at the standard location of currently used LL electrode, on the left leg, between the knee and ankle.
THEORETIC PERFORMANCE Basic assumptions underlying this system of vectorcardiography are: (1) ventricular depolarization may be represented at each instant of time by an equivalent dipole that is variable in strength and orientation but is fixed at a single (but generally different) anatomic point for each individual, and (2) the medium in which heart currents are produced is homogeneous, resistive, and linear for all individuals with boundaries the same as that of the individual torso shape. These assumptions have been discussed in detail' and tested experimentally.3-' 12 As a result of this and other unpublished work, it is expected that a theory based on these assumptions will be accurate to about i15 per cent.
With these assumptions, the relationship between the potential at any boundary point and an internal dipole of any location may be determined experimentally by homogeneous, three dimensional torso models. Such data have been published elsewhere2' 9, 10 including complete results for the entire torso surface.8 The influence of torso shape has been found to be less than 10 to study subjects of all ages in the sitting position with little disturbance from muscle tremor.
4. Skin Treatment. The network of resistors ( fig. 1 ) may be connected directly to the subject, but it is necessary to rub the skin, so that resistance beneath the electrode is small compared with the input resistance to the network. Otherwise electrical errors are encountered. This problem is similar to the skin resistance problem15 recognized in connection with the Wilson central terminal, and is present in any system that employs resistance networks. Hence, the choice of R (which sets the entire impedance level of the networks) is important. The value of R should be as high as is consistent with 60 cps. disturbances, desirably 100,000 ohms and not less than 25,000 ohms. The skin should be rubbed under each electrode until a resistance less than R/10 is achieved between any two electrodes (this may be measured roughly by using a common ohmmeter). If R = 50,000 ohms, the R/10 result (5000 ohms) is easily achieved with moderate rubbing which typically gives 3000-ohms resistance. If R is too small, extremely brisk rubbing is required, which is quite inconvenient, time consuming and uncomfortable. * 5. Vectorcardiograph Input Resistance. The input grid resistors (if any) of the amplifiers to which Vx, V, , and V, are delivered must be taken into account if standardization factors are to be precisely equalized. Figure 1 and either V, , V2 or V3 usually resembles -V . However, the main purpose of devising a more accurate system is to enable quantitative explorations; and quantitative differences between results of this system and those of other methods are enormous, amounting to several hundred per cent in amplitude and drastic differences in shape, timing and angle. An example is given in figure 5 . It is believed that a more accurate system such as the one described will reveal new invariants not heretofore discernible, if indeed they are there to be found.
Vectorcardiograms ( fig. 5) A novel three-step technic utilizing a triple-electrode assembly may be used to determine this level precisely in a rapid manner. The basis of the method resides in a property of the image surface in the region corresponding to the precordium. Over this region the outward bulge of the image surface is very pronounced because of the leftward and forward anatomic location of most human hearts. 8 The level at which this bulge is greatest corresponds to the desired electrical level and, in a torso model, is the level at which the internal dipole is located."2 The objective of the method is to determine the level of maximum bulge in image space.
The electrode assembly, shown in figure 6 , is utilized in the 3-step procedure belown In all cases the electrodes are always aligned with the intersection on the precordium of a plane containing the vertical central anatomic axis of the subject.
Step a. Place electrode 2 directly over the heart at the level of Step b.
M~ove the electrode assembly up by exactly 1 inch as shown in figure 6 (Step b), so that electrode 3 occupies the spot formerly taken by electrode 2.
X~ith switch in position b, vary the 100,000-ohm potentiometer until the QRS complex has approximately the same shape as observed in step a; note its amplitude.
Step c. 
